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2. GENERALIZED LEAST SQUARES ESTIMATORS OF R(*)

Then
Consider the sample spectral density or periodogram

T i(s-thw
I verT@ e ey -2
s,t=1

vec (R(-v)) = vec (R¥(v)) = P vec (R(v)), v=1, ..., g

vec (R(0))= G vech (R(0)) , "

nﬂ?bv -

where [x] denotes the greatest integer less than or equal to x.

By where vech (R(0)) contains the distinct elements of the symmetric matrix
inspection of Hannan's Corollary 1 (see Hannan (1970), p. 249) # R(0) and is obtainei by applying the vec operator to only the lower
1im E(vec(f_(w,))) = vec(f(w,)) i triangular porticn of R(0) .
Tow T4 3 : (2)
(vee (£.(w,)) (o)) = 6, £7(,) @ £(u,) e s
1im Cov(vec w,)), vec , - w f(w,) , 2
T T3 Tk L u ] =-ivw q »’J -ivw
vee ( ] Rwe 1) =Guvech RO+ [ (Pe 41 e Iyvec (v))
where & is the Kronecker delta, C ® D is the Kronecker product anuruv |v]<q v=1 d
5)
of the matrices C and D, and if A 18 an n x m matrix with columns - n?uv R,
a,, ..., a_, then vec (A) is the nm x 1 vector n-.—.. S Eh n.—.v.—. 3
1 = 1 m 7 T T T
where R* = ([vech (R(0))]", [vec (R(1))]", ..., [vec (R(q))]")
Thus combining (1) and (2) we can write ¢
contains the distinct elements of R(v), |v|<q, and
-ivw
- i - iw -iw iqu -iqe
vec(f () = vee A?T_ R e ) teglw) , J= L, e, Ky (3) X)) ~ @, Pe a1, 4, ke M1 D)
- d d
where n.—.?wv. Ve n.—.?_.v are asymptotically uncorrelated ddimensional is a d? x (qd?+s) matrix of ki complex bers.

random variables with asymptotic mean zero and variance n.—.?uv ] :shv .

Writing (3) for § = 1, ..., N and using (5), we have

To write (3) in a regression form we define the permutation f=XR+e
zatrices P and G as follows. Let uu denote a vector of zeros with where f = ([vec Am.—.?uv:ﬂ- s dwme an.-.atnv:.nv.—. 1
a1 in column § . The k™" row of the d?x d? matrix P is given by

an Nd2 x 1 observation vector, X = Anq?.pv. <503 as?::.n is an
J—.g#n where £ = _W..lu._ and ) = (k-1) - d —wn.wu = mod (k-1, d) . Letting

Nd? x (qd2+s) design matrix, and € = ?M.?nv. LR nwatlv.n is an
s = 4(d41)/2 , the k™ row of the d? x s matrix G is e] vhere

Nd? x 1 error vector with block diagonal asymptotic covariance matrix
i =8 - (d-m+1)(d-=+2)/2 - (L-m-1) , with £ = max (u,v) , m = min (u,v), DIAG (V(w;), -++y V(wy)), where V(u,) = n...?rv n King) -
k-1 ST
and u = mod (k-1,d) +1 , v = —Iml~ +1. ! A consistent estimator of :trv is given by
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